Medical advances have increased survival of patients with congenital heart disease. However, cardiac disease in pregnancy carries significant maternal and fetal risks, posing enormous challenges to obstetricians. Cyanotic congenital heart disease is associated with maternal complications such as arrhythmias, thromboembolic events and death. Fetal complications include small for gestational age, miscarriage and prematurity. Cyanotic congenital heart disease patients who continue their pregnancies require holistic multidisciplinary team care with early and coordinated planning for delivery. Management of such patients include early counseling regarding pregnancy-associated risks, close monitoring of their cardiac function and regular scanning for fetal assessment. Choice of anesthesia for these patients requires meticulous planning to achieve a favorable balance between systemic and pulmonary vascular resistance, ensuring minimal change in right-to-left shunting. We report a case of a successfully managed pregnancy in a patient with complex congenital heart disease and a single ventricle of left ventricle morphology.
Introduction
Congenital heart disease (CHD) affects approximately 0.8% of newborns around the world. Over the past half-decade, medical advances with better diagnostic and surgical techniques have increased survival and decreased morbidity of patients with CHD, resulting in more than 85% surviving into adulthood. 1, 2 The incidence of non-syndromic major CHD in Singapore is about 2.6 per 1000 fetus, with a detection rate of 88.5% antenatally. 3 With high detection rate and early treatment, the number of newborns with CHD reaching adulthood is expected to increase. Cardiac disease now affects an estimated 2% of pregnancies in developed countries. 4 CHD, and complex cyanotic CHD in particular, carries significant risks for both mother and fetus. These cases pose enormous challenges to obstetricians and the multidisciplinary team looking after them. Univentricular heart or single ventricular heart is a rare congenital cardiac abnormality and to date, there are very few reported cases of successful pregnancies with this condition. [5] [6] [7] [8] [9] We report a case of a pregnancy in a 28-year-old nulliparous with complex CHD and a single ventricle of left ventricle (LV) morphology.
Presentation
Our patient is a 28-year-old Chinese primigravidarum, who was referred at eight weeks of gestation to our hospital's high-risk pregnancy clinic. She was known to have complex CHD having presented at three weeks of life with congestive cardiac failure. Her diagnosis was dextrocardia, tricuspid atresia, hypoplastic right ventricle (RV) and transposition of great arteries with atrial septal defect and ventricular septal defect (VSD). At six weeks of life, she underwent pulmonary artery (PA) banding to decrease pulmonary blood flow. At the age of 19 years, she underwent bidirectional cavopulmonary connection (BCPC) with right pulmonary artery (RPA) patch-plasty. This required a balloon angioplasty for RPA segmental stenosis a year later. She also had a history of infective endocarditis and cerebrovascular accident from which she had made a full neurological recovery. A planned Fontan procedure could not be performed because she was found to have a large intracranial cortical atrio-venous malformation, and was judged to be at significant risk of intra-cranial bleeding during heart surgery.
At her booking antenatal visit, she reported exercise intolerance (NYHA Class II) and her baseline oxygen saturation was 82% on room air. On examination, she was normotensive and not tachycardic. There was clubbing of the fingers and central cyanosis. On auscultation, there was an ejection systolic murmur, and her lungs were clear with no crepitations. There was evidence of secondary erythrocytosis with a baseline hemoglobin (Hb) level of 20-21 g/dl and hematocrit (Hc) level of 55-60%. An echocardiogram performed before her pregnancy showed dextrocardia with atrial and abdominal solitus. The BCPC was patent. The great arteries were transposed with the aorta arising from the RV and PA from the LV. There was evidence of previous PA banding, which had since narrowed down to 0.8 cm, showing severe PA stenosis with peak gradient greater than 4 m/s. The peak PA pressure was 64 mmHg. The dominant LV was functioning well with an ejection fraction of 50-55%. The RV was hypoplastic with tricuspid atresia. The VSD was large with bidirectional blood flow ( Figure 1 ).
Progress
This was an unplanned pregnancy. Despite intensive counseling by her cardiologist regarding the significant risks of maternal and perinatal morbidity/mortality, she insisted on continuing with the pregnancy and would not consider a termination of pregnancy. She was referred to the multidisciplinary cardiology pregnancy clinic for pregnancy management from 12 weeks' gestation. She was closely followed up at the joint clinic subsequently.
She was considered to be at increase risk of embolic events and was commenced on enoxaparin 40 mg subcutaneous (sc) daily and low-dose aspirin 100 mg daily for thromboprophylaxis.
At 16 weeks' gestation, she complained of increasing shortness of breath and difficulty with activities of daily living (NYHA class III). On admission, her oxygen saturation was 75% on room air, and there was significant cyanosis. Her Hb was 20.5 g/dl and the Hc was 59.4%. Echocardiography findings were stable from her baseline (Table 1) . She was admitted and monitored in the high-dependency cardiac ward. A Doppler scan of her lower limbs to exclude venous thromboembolism was negative. The chest X-ray showed prominent pulmonary vasculature and no signs of consolidation.
Her deteriorating effort tolerance was attributed to increased shunting through the septal defects resulting in worsening cyanosis and reduced systemic oxygenation. The patient was again extensively counseled on her deteriorating cardiac condition and the risk of maternal morbidity and mortality, as well as the perinatal complications associated with fetal growth restriction and extreme prematurity. The option of termination of pregnancy was again refused. The multidisciplinary team comprising obstetricians, cardiologists, anesthetists, hematologists, neonatologists, and cardiothoracic surgeons met regularly and were updated of her clinical progress.
Fetal anomaly scans at 18 þ 5 weeks and 20 þ 5 weeks showed no obvious structural abnormalities or markers of aneuploidy. The fetus was thereafter assessed serially with growth and Doppler scans. At 25 þ 4 weeks, the fetus was appropriately grown with an estimated weight of 785 g with normal Doppler flow studies. Maternal echocardiogram was performed at two to four weekly intervals from her admission and did not show any significant changes from the baseline 2D echocardiogram.
During her hospital stay, her condition remained stable with minimal supplemental oxygen. Antenatal corticosteroids were administered at 24 weeks for acceleration of fetal lung maturity, and again at 26 weeks' gestation. At 26 þ 3 weeks, she had deteriorating dyspnea with worsening hypoxia. The multidisciplinary team made a decision to deliver. A classical caesarean section was planned in view of the extreme fetal prematurity and placenta praevia. She also consented to undergoing bilateral tubal sterilization at the time of delivery.
Delivery
General anaesthesia was chosen taking into consideration the issues of the surgically uncorrected right cortical brain arteriovenous malformation, scoliosis and lumbar prolapsed intervertebral discs. She was given 100 mcg of fentanyl, 10 mg of etomidate, 25 mg of ketamine, and 50 mg of rocuronium to facilitate rapid sequence induction. During intubation, the patient's blood pressure rose to 140/80 mmHg but subsequently stabilized at 110/60 mmHg. She was given 100% supplemental oxygen prior to intubation and 75% oxygen thereafter. Her intra-operative oxygen saturation remained between 80% and 85%. The cardiothoracic surgical team was placed on standby in the event of a need for extracorporeal membrane oxygen support.
She underwent an uneventful classical caesarean section and a baby boy, 870 grams, was delivered with APGAR scores of 4,4,6,9 at 1st, 5th, 10th and 20th minutes of life, respectively. Postoperatively, the patient was monitored in the cardiac intensive care unit. She received supplemental oxygen and thromboprophylaxis with enoxaparin 40 mg sc daily and prophylactic antibiotics. She was also given three days of intravenous furosemide to prevent fluid overload. There was no requirement for inotropic support. She was well enough to be transferred to the general ward on the third post-operative day. Her oxygen saturation was stable at 84-86%, and she was discharged well on 10th postoperative day.
Three months after delivery, an echocardiography did not show any deterioration in LV ejection fraction and she had remained stable with no deterioration in her cardiac function or symptoms.
The newborn developed numerous complications related to extreme prematurity including hyaline membrane disease, pneumonia, neonatal sepsis, neonatal hypoglycaemia, and anemia of prematurity. The total duration of neonatal intensive care unit stay was 86 days and he was discharged home on day 122 of life. He has remained healthy subsequently, and has normal physical and neurological development during his pediatric follow-up. The child is currently seven months old.
Discussion
Single ventricle or univentricular heart is an uncommon form of CHD, accounting for about 3.2% of congenital cardiac abnormalities. 10 It is defined by the presence of one dominant functioning ventricular compartment receiving the atria and giving rise to the pulmonary trunk, together with a rudimentary outlet chamber or a hypoplastic ventricle usually from tricuspid atresia (Figure 2) . Such a condition is almost always associated with intracardiac mixing of deoxygenated systemic and oxygenated pulmonary venous return. Patients without natural pulmonary stenosis or surgical correction such as pulmonary banding or systemic pulmonary shunting are in danger of developing congestive heart failure early and pulmonary vascular disease, leading to pulmonary hypertension later on in life. Long-term survival for patients with univentricular hearts depends on achieving a balance between decreasing pulmonary arterial blood flow to relieve volume overload while simultaneously maintaining sufficient pulmonary blood flow for oxygenation of the blood. 11 Pregnant women with cyanotic CHD are at increased risk for maternal and neonatal complications. Multiple studies have shown that maternal CHD is associated with a significant increase in adverse maternal outcomes, including cardiac failure, pulmonary hypertension, arrhythmias, pulmonary edema, cerebrovascular events, polycythemia, thromboembolic events, pregnancy induced hypertension, infective endocarditis, and death. 2, 12, 13 Hemodynamic changes induced by pregnancy such as increased heart rate, stroke volume and cardiac output with parallel reduction of vascular resistance are particularly disadvantageous in women with single ventricular heart due to their significant dependence on venous return and limited capacity to increase the stroke volume. These physiological changes during pregnancy also exacerbate right-to-left shunting, leading to worsening maternal hypoxemia and cyanosis, which explained our patient's symptoms on admission at 16 weeks of gestation. 14, 15 Hence, the importance of close cardiac monitoring in such patients in anticipation of cardiac deterioration and decompensation.
Fetal complications from maternal CHD include miscarriage, small for gestational age (SGA), low birth weight, intrauterine demise, prematurity and its associated morbidities, as well as increased perinatal mortality. [16] [17] [18] Chronic cyanosis further results in markedly increased risks of spontaneous abortion (50%), premature delivery (30-50%), and SGA. 19 Fetal surveillance should begin early with a first trimester ultrasound to establish accurate dates and establishing baseline morphometry. Subsequent fetal growth and Doppler flow ultrasound studies are necessary to detect fetal growth restriction and placental insufficiency. As maternal CHD is also associated with a 16% increased risk of congenital fetal cardiac defects, 17 detailed fetal anomaly scanning is recommended between 18 and 22 weeks. 1, 20, 21 A study by Presbitero evaluating pregnancy outcomes of cyanotic CHD reported a favorable fetal outcome with pre-pregnancy arterial oxygen concentration at rest 485% and hemoglobin concentration 520 g/dL. In particular, fetal survival was 92% with maternal arterial saturations at 90% but was only 12% with arterial saturations 585%. 16 Our patient's parameter was significantly below the threshold; her oxygen saturation was 75% on admission and her hemoglobin concentration was more than 20 g/dL. Predictors of poor pregnancy outcome and high maternal mobidity and mortality include the presence of pulmonary vascular disease, i.e pulmonary hypertension, Eisenmengers Syndrome, chronic maternal cyanosis, unrepaired or palliated maternal CHD, and poor systemic ventricular function. [30] [31] [32] While there are classification systems such as CARPREG and ZAHARA to guide risk counseling, these are of limited utility in our patient. ZAHARA only had nine patients in a total cohort of 1302 women with complex cyanotic heart disease and tells little more than stating the obvious that she has a high-risk pregnancy. Moreover, the end points of ZAHARA are focused on events such as arrhythmias, whereas our patient was at high risk of much more significant outcomes including permanent impairment of cardiac function and even stroke. 22 Early planning for delivery is important in such high-risk pregnancies. While the timing of delivery always requires a balance between deteriorating maternal condition against fetal prematurity, in our patient, it was the former which was the deciding factor. The EPIcure study, a large prospective observational study evaluating outcomes of infants born before 26 weeks of gestation has demonstrated low survival rate (39%); poor immediate and long-term outcomes in Figure 2 . Diagrammatic demonstration of the patient's cardiac condition. these babies. [23] [24] [25] Hence, delivery was initially aimed at 27 weeks after steroid completion. Intravenous magnesium sulfate for fetal neuroprotection was considered but held off in view of potential effect on myocardial function. 26 The mode of delivery via caesarean section was uncontroversial in view of the severe fetal prematurity and the patient's cardiovascular constraints.
The anaesthetic issues were more complex. The goal of anaesthetic management in such patients should be to find a favorable balance between systemic and pulmonary vascular resistance to ensure minimal change in the amount of right-to-left shunt. 27 In this case, general anaesthesia was preferred as it allowed greater control of the systemic vascular resistance. 28 Furthermore, regional anaesthesia was deemed unsuitable for our patient in view of her multiple prolapsed intervertebral discs and history of cortical arteriovenous malformation. Routine antibiotics are not recommended for most mothers with heart disease; however, our patient was given three days of intravenous antibiotics peripartum in view of her history of infective endocarditis and her right-to-left shunt. 29 In summary, pregnancy in patients with complex CHD is associated with significant maternal and fetal risks of morbidity and mortality. Successful outcome with a healthy, physically and neurologically intact live birth is uncommon. Patients who choose to continue their pregnancies require holistic care from a multidisciplinary team with early and coordinated planning for delivery. The integrated care from obstetricians, anaesthetists, cardiologist, pediatricians, hematologist, and midwives was unquestionably a key element to the successful management of our patient.
